mechanism is likely that LULC change induces a regional circulation response, in 48 particular the formation of anomalous stationary high-pressure systems, shifting of 49 https://doi.org/10.5194/acp-2019- 824 Preprint. Discussion started: 15 November 2019 c Author(s) 2019. CC BY 4.0 License. that alters atmospheric composition including ozone itself. Here we limit the 87 "biogeochemical effects" of LULC on ozone to processes that influence ozone 88 directly in a given climate, including biogenic VOC emission and the dry deposition 89 of ozone and its precursors; climatic changes that can arise from LULC disturbances 90 of the biogeochemical cycles are not the focus. 91 LULC changes can modify the spatial pattern and magnitude of isoprene 92 emission due to their strong dependence on vegetation type and leaf density 93 (Guenther et al., 2012) . For instance, Lathière et al. (2006) found as much as a 29% 94 decrease in global isoprene emission from a scenario in which 50% tropical trees are 95 replaced by grasses. Heald and Spracklen (2015) 
Model experiments 263
We have two sets of configuration, Off-line mode and On-line mode, with 264 eight simulations to investigate the impacts of LULC changes on surface ozone (see 265 Table 1 ). We focus on boreal summer month (June-July-August, JJA) averages as this 266 is the period when ozone pollution is generally the most severe in the Northern where tropical forests are replaced by croplands ( Fig. 3j) . Equatorial Africa and the 385 Amazon experience the largest decrease in dry deposition velocity relative to present-386 day conditions. Some increases over Western Europe are the result of local 387 reforestation. 388
The globally averaged change in the dry-depositional sink is around 1% 389 (Table 2) rather than in dry deposition velocity (Fig. 3f) . 415
Under the RCP8.5 scenario with substantial cropland and grassland expansion, 416 decrease in isoprene emission and dry deposition again offset each other in 417 controlling surface ozone in high-NO x regions. Surface ozone concentration decreases 418 by around 1 ppbv over the north-central and southern Africa, but increases by up to 2 419 ppbv over equatorial Africa and central South America (Fig. 3k ). In particular, the 420 area with enhanced ozone in these regions corresponds well with reductions in 421 isoprene emission and dry deposition together. Equatorial Africa is a high-isoprene-422 emitting, low-NO x region, thus decreases of isoprene emission together with reduced 423 dry deposition would lead to enhanced ozone. 424
Biogeophysical effects of LULC change on surface ozone 425
Next we examine results from the On-line simulations, which allow us to 426 assess the impacts of LULC changes on surface ozone when the overlying meteorological environment is also modified by LULC changes. The simulated 428 changes in surface ozone is in the range from -3 to +6 ppbv (Figs. 4a, e LULC over the eastern US and southern Canada (Fig. 5a ). Relatively large increases 478 in surface ozone (Fig. 4a ) and near-surface temperature (Fig. 4d) region, the eastern US (Fig. 5a ), reforestation results in substantial decreases in 484 surface albedo (Fig. 5b) , which leads to local increase in surface net solar radiation 485 ( Fig. 5c ). Reforestation also leads to changes in latent and sensible heat fluxes, as well 486 as surface longwave radiation (not shown here). The net effect is that local 487 temperature increases accordingly. Significant increase of surface temperature is seen 488 over the northeastern US (Fig. 5d ). In the southeastern US, surface net solar radiation 489 changes are much smaller, or even negative in some regions (Fig. 5c ). Albedo effects 490 of increasing surface net solar radiation appear to be mostly offset by the enhanced 491 precipitation (Fig. 5e ), cloud cover and latent heat, resulting in a modest net cooling at 492 the surface (Fig. 5d) . Figs. 6a and 6c) . Such a 507 displacement of the jet can modulate the local stormtrack, which can further feedback 508 onto the anomalous flow (Lau, 1988) , favoring the formation of an anomalous high 509 immediately to the south at 40-to-50 o N over the continental US (Fig. 6e ). Collocated 510 with such a stationary high, there is enhanced (reduced) surface solar radiation 511 (rainfall). The anomalous high in the RCP4.5 experiment can lead to sinking motion 512 and hence low-level divergent wind that can substantially influence regional moisture 513 US. In fact, the moisture flux pattern is significantly modified in the RCP4.5 runs, 517 such that anomalous moisture flux divergence is found in the region (Fig. S1b) , 518
Overall the anomalous high ( Fig. 6e ), drier soil ( Fig. 5b) , reduced latent heat and 519 precipitation ( Fig. 5e ), all act to promote warming over the central-western US region. 520
For the RCP8.5 run, surface ozone is also enhanced in North America (Fig.  521 4e) and is again well correlated with near-surface warming (Fig. 4h) . However, the 522 ozone concentration increase is smaller than that in RCP4.5, presumably due to 523 weaker LULC changes. changes. For RCP4.5, substantial reforestation occurs over Europe continental regions 532 ( Fig. 7a ), which modifies regional surface energy balance and atmospheric 533 circulation. Forest expansion reduces local albedo ( Fig. 7b ) and increases surface net 534 solar radiation accordingly over Europe continental areas (Fig. 7c ). Reforestation also 535 leads to changes in latent heat and sensible heat fluxes (not shown here). Considering 536 all surface energy components, the net surface energy budget yields a positive 537 tendency and thus a surface temperature increase (Fig. 7d) . The higher temperature is 538 seen to be collocated with local surface ozone changes over the continent. 539 (Fig. 6c) ; modified storm tracks and the anomalous high are acting in concert, 545 leading to more subsidence in the European region that experiences increased surface 546 net solar radiation (Fig. 7c ), thus surface warming (Fig. 7d ). For RCP8.5, 547 reforestation occurs over limited areas of Europe (Figs. 2i, 1j, 1k) ; similar changes in 548 the local climate and surface ozone are found, albeit with a relatively weak amplitude 549 compared with their RCP8.5 counterparts. 550 3.3.3 India and China for RCP4.5 and RCP8.5 551 For RCP4.5, extensive reforestation occurs in northeastern and southwestern 552 India (Fig. 8a) . There is also a significant increase of surface ozone over northern 553 India (Fig. 4a ), collocated with warming ( Fig. 4d ). Again, temperature increase tends 554 to occur west of the LULC changes ( Fig. 8d ), suggesting a mechanism of circulation 555 changes similar to those operating in North America and Europe. The mid-556 tropospheric anomalous flow is characterized by an anticyclone between 20-30 o N and 557 suppressed rainfall therein (Figs. 8e, 8f ), leading to more surface net radiation (Fig.  558 8c). Thus in northern India there is significant surface warming ( Fig. 8d ) and 559 enhanced surface ozone. Finally, in China extensive deforestation occurs for RCP4.5. 560
Surface ozone shows a slightly decrease that could be caused by biogeochemical 561 effects associated with LULC changes instead of biogeophysical effects. This region 562 is characterized by a temperate climate, medium isoprene emission from temperate 563 trees ( Fig. 3a) and high anthropogenic NO x emissions (Fig. 3d) . Changes from 564 temperate trees to croplands further decrease isoprene emission and lead to significant 565 ozone decreases, which largely offsets the effects of reduced dry deposition velocity 566 ( Fig. 4b ). For RCP8.5, little change in surface ozone or temperature has been found in 567 either country. 
